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Abstract. This paper deals with the definition of the input fluxes used for the calibration of the IUE Final Archive. 
The method adopted consists on the determination of the shape of the detector's sensitivity curves using IUE low 
resolution observations with model fluxes of the DA white dwarf G191-B2B. A scale factor was then determined 
so that the IUE observations of some bright OAO-2 standards match the original measurements from Meade 
(1978) in the spectral region 2100-2300 A. The ultraviolet fluxes of six standard stars used as input for the Final 
Archive photometric calibration together with the model fluxes of G191-B2B normalized to the OAO-2 scale are 
given. A comparison with the independent FOS calibration, shows that the IUE flux scale for the Ultraviolet is 
7.2 % lower. We consider this mainly to be caused by the different normalization procedures. It is shown that the 
present flux calibration applies to spectra processed with the INES low resolution extraction software. 
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1. Introduction 

Many improvements have been made to the standard pro- 
cessing of IUE data along the years. The combination of 
a better understanding of the instruments and the rapid 
evolution of computing capabilities, has allowed to use 
the carefully planned calibration data, obtained under well 
controlled acquisition conditions over the 18 years of the 
IUE Project, to prepare a new calibration of the complete 
IUE data set. 

The IUE Final Archive, IUEFA, was the end-product 
of the above process, which started to be defined in the 
late eighties. The processing software developed for this 
purpose was NEWSIPS (Garhart et al. 1997). The INES 
(IUE Newly Extracted Spectra) System is the final con- 
figuration of the IUE archive. 

A detailed revision of the NEWSIPS output products 
indicated that there were still some problems which could 
be corrected. The most important deficiency was found in 
the NEWSIPS extraction and noise models for low res- 
olution spectra (SWET), which e.g. caused emission line 
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fluxes to be frequently wrongly extracted (Schartel and 
Skillen, 1998). In high resolution data, a systematic mis- 
match of about 20 km s _1 between the velocity scales of 
short and long wavelength spectra was present. These, to- 
gether with other errors, were corrected in the INES sys- 
tem developed by the ESA IUE Observatory (Wamsteker 
et al. 2000). A full description of the INES system and its 
data processing is given in Rodrfguez-Pascual et al. (1999) , 
Cassatella et al. (2000) and Gonzalez- Riestra et al. (2000). 
The I NES Data are available from t he INES Principal 
Centre ittp : //ines . vilspa. esa. es or from the INES 



National Hosts (Wamsteker 2000). For details on the in- 
strumental history of IUE see Perez-Calpena and Pepoy 
(1997). 

In this paper we discuss the way the IUE absolute 
flux scale was redefined (Sect. ^ and The specific al- 
gorithms needed to optimize the internal consistency of 
IUE spectra, such as those used to determine the effective 
exposure times and to correct for the time and tempera- 
ture dependency of the sen sitiv ity of the IUE cameras are 
described in Sec. ||. In Sec. 12, a comparison is made be- 
tween fluxes obtained through the present calibration and 
those derived from previous IUE calibrat ions and from 
other experiments (HST and HUT). In Sec. L3 we demon- 
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strate the applicability of the our calibration to the data 
in the INES archive. 

2. The IUE Flux Scale 

Along the operational life of IUE, and prior to the Final 
Archive processing, several photometric calibrations algo- 
rithms have been applied as a consequence of the changes 
made in the processing software. In all cases the flux cali- 
bration was based on the UV absolute fluxes of the bright 
B3 V standard star r\ UMa (V=1.84) as defined by Bohlin 
et al. (1980). However, evidence for systematic errors in 
this r] UMa flux scale made it necessary to find alterna- 
tives to be used as primary calibration standards for the 
IUE Final Archive. In this Section we will describe the 
basis of the early IUE photometric calibrations and the 
new flux scale. 

The primary flux calibration for IUE data is done on 
the low resolution spectra, while the high resolution cal- 
ibration is derived from this. The common basis of all 
early calibrations was the absolute flux of ij UMa defined 
by Bohlin et al. (1980), who took the OAO-2 data as main 
reference for fluxes longward 2000 A, and the rocket data 
of Brune et al. (1979) for shorter wavelengths. r\ UMa is 
too bright to be observed directly with IUE at low disper- 
sion, and therefore a set of secondary standard stars was 
defined. These were chosen from the OAO-2 and TD1 
Catalogues. The original OAO-2 and TD1 fluxes of these 
standards were reduced to the common r\ UMa flux scale 
by applying the "correction factors" given by Bohlin and 
Holm (1984). 

With the growing observational material acquired over 
the years, it became clear that there were systematic 
differences between observations and models for objects 
of very different physical nature, such as white dwarfs 
(Greenstein and Oke 1979), BL Lac objects and sdO stars 
(Hackney et al. 1982). Finley et al. (1990) showed discrep- 
ancies of up to a 15% when comparing IUE observations 
and fluxes predicted by models of DA white dwarfs. The 
fact that these differences were maximum in the region 
of largest disagreement between the original OAO-2 and 
TD1 fluxes, pointed to the existence of systematic errors 
in the 77 UMa flux scale. 

A complete revision of the IUE flux calibration was 
therefore considered a primary requirement in the plan- 
ning of the IUE Final Archive (Cassatella 1990). Rather 
than deriving the flux scale for the UV on a star which can 
not be observed with the instrumental setup supplying the 
bulk of currently available UV data, a different approach 
was taken, allowing to use the IUE large data set and to 
make new special purpose observations to derive an inde- 
pendent calibration. Hot DA white dwarfs were chosen as 
the most suitable objects to define the relative IUE flux 
scale. They were used to determine the shape of sensitivity 
curves by comparison of the IUE observations with model 
fluxes. A scaling factor was defined to bring the relative 
fluxes of the OAO-2 standards at an absolute scale. In the 
absence of other (and better) calibration sources for the 



Table 1. 



Number of spectra used to derive the 
Absolute Fluxes of the Standard Stars 



Wavelength 


G191-B2B 


Bright 


Faint 




Range 




Stars 1 


Stars 2 


Total 


Short 


19 


39 


45 


103 


Long 


19 


43 


66 


128 



Number of spectra used to derive the 
Inverse Sensitivity Curves of the IUE Cameras 



Camera 


Bright 

Stars 1 


Faint 
Stars 2 


Total 


SWP 


29 


104 


135 


LWP 


14 


91 


105 


LWR 


22 


41 


63 



1 n Aur, A Lep, 10 Lac, ( Dra 

2 BD+28 4211, BD+75 325, HD 60753 



space-UV, the absolute scale was defined by the original 
OAO-2 measurements from Meade (1978). The accuracy 
on computed fluxes for DA white dwarfs is discussed by 
Finley (1993). 

To obtain the shape and the scale factor of the sensi- 
tivity curves, an intensive observing campaign was made 
in 1990 and 1991. These observations included not only 
the traditional TD1 and OAO-2 standards already in use, 
but also a selected sample of DA white dwarfs. Details of 
the procedure followed to obtain the input fluxes for the 
IUE calibration are given in the next Section. 

3. The calibration of the IUE Final Archive 

3.1. The input Data 

Two sets of data were used to derive the flux calibration 
for the IUE Final Archive. The first one consisted of a large 
number of observations of the IUE standard stars taken 
at the time of the acquisition of the 1984-85 Intensity 
Transfer Functions (hereafter ITFs). This set included 
spectra obtained in all the possible observing modes (high 
and low dispersion, large and small aperture, trailed, etc). 

A considerably more extended set of calibration data 
was taken is 1991, which included not only observations of 
the IUE standard stars, but also of several selected white 
dwarfs, and in particular G191-B2B. The acquisition of 
these data was carefully planned to determine all parame- 
ters necessary for the calibration of the instruments, such 
as the size of the spectrograph apertures and the cam- 
era response times. The 1991 data were used to derive 
the absolute fluxes of the IUE standard stars. The use of 
close-in-time observations of both the white dwarfs and 
the standard stars avoided the need to correct for the cam- 
eras sensitivity loss. 

Only point-source Large Aperture spectra were used 
for the derivation of the flux calibration. As part of 
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the complete calibration of the IUE instrument, the fac- 
tors necessary to calibrate other observational modes, e.g. 
trailed spectra, were redetermined. 

Table | gives the number of standard star spectra used 
to derive the photometric calibration of the IUE cameras. 

3.2. The Intensity Transfer Functions (ITFs) 

The ITFs are used to linearize the IUE raw Data Numbers 
(DNs) by transforming them into Flux Number (FNs). 
The ITFs are constructed from graded exposures of lamps 
under well controlled thermal spacecraft conditions and 
radiation background. For historical reasons these ITFs 
have been derived through linear interpolation between 
12 selected exposure levels spaced over the dynamic range 
of the IUE Cameras (from to 255 DN) . This has made 
that some small linearity errors for the highest and lowest 
exposure levels have persisted in the IUE data (Gonzalez- 
Riestra 1998). Since the ITFs define the linearity of the 
cameras, any calibration is linked to a specific ITF. 

In what follows, we describe the ITFs used for the 
derivation of the IUE Final Archive flux calibration. 

LWP : The original ITF for this camera was based on 
data obtained in 1984-1985. It was decided to acquire a 
new ITF in May 1992. Although some anomalies were 
found in the cross-correlation behavior of this ITF, its 
effects were limited and it was decided to maintain the 
1992 ITF for the IUEFA processing. The existence of two 
well differentiated groups of zero level ("NULL") images, 
presented an additional anomaly. Although the cross- 
correlation behavior of one of these two ( the "NULL- A" ) 
was worse, this was selected for the complete processing, 
since it avoided strong negative extrapolations at the short 
wavelength end of the camera. 

LWR : The LWR camera was declared non-primary 
long wavelength camera in October 1983 (Perez-Calpena 
and Pepoy 1997). A new ITF was acquired one month 
later. It was found that this ITF gave a poor correlation 
with science images, especially with those taken before 
the camera was declared non-operational. Two ITFs were 
constructed for this camera. ITF-A is the original 1983 
ITF with its own NULL level. It is appropriate for most 
of the images taken after 1983. ITF-B has as NULL level 
the average of all the NULL images with similar geometric 
characteristics taken in the period 1978-1983. The upper 
levels are the same as in ITF-A, but resampled to match 
the geometric characteristics of this modified NULL level. 
The NEWSIPS processing cross-correlates every science 
image with both ITFs, choosing for the processing the 
one with the highest correlation coefficient. The use of 
two different ITFs in the photometric correction required 
to derive two inverse sensitivity curves for this camera. 

SWP : The ITF acquired in 1985 was used for the pro- 
cessing of all SWP images. 



3.3. The White Dwarf model 

The white dwarf G191-B2B was selected as primary stan- 
dard to define the relative fluxes of the other IUE standard 
stars due to its brightness (V=11.8), pure hydrogen at- 
mosphere, high effective temperature (implying a narrow 
Lyman a absorption line), and negligible interstellar ab- 
sorption (N H « 1-7 10 18 cm" 2 , Kimble at al. 1993). The 
model used was provided by D. Finley (private commu- 
nication, 1991), and was computed using the code of D. 
Koester (see a detailed description in Finley et al. 1997). 
The model has the following characteristics (see Fig. ||): 

- Chemical composition: Pure Hydrogen 

- T eff = 58000 K 

- log g = 7.5 

Evidence for the presence of metals in this star 
has been reported by Bruhweiler and Kondo (1981) 
and by Bruhweiler (1991) from IUE spectra, and by 
Vennes (1992) and Barstow et al. (1993) from ROSAT 
observations. However, the abundance of these ele- 
ments is extremely low (C/H=2xl0~ 6 , N/H=4xl0~ 6 , 
Si/H=lxl0~ 6 , Fe/H=5xl0- 6 , Ni/H=lxl0~ 6 ; Wolff et 
al. 1998) and their influence in the IUE range is negli- 
gible. According to Finley (1993), the overlapping metal 
lines might reduce the FUV continuum by 1-2% in some 
spectral regions. The effective temperature and the gravity 
were derived from the profiles of the optical Balmer lines 
(Finley, private communication). The model provided by 
Finley was normalized to the spectrophotometry data in 
the range 3200-8000 A as given by Massey et al. (1988). 

The particular choice made here for the model parame- 
ters of G191-B2B, has a little effect on the IUE calibration 
in the sense that, if an improved model becomes available 
in the future, it would be straightforward to derive a suit- 
able correction from the ratio between the new model and 
the one used here (see Appendix B). 

3.4. Other parameters and algorithms 

3.4.1. Determination of exposure times 

For very short exposures, the effective exposure time of 
the IUE cameras (t e fj) is different from the commanded 
one (t C om), due to the quantization of the clock (0.4096 
sec.) and the so-called "Camera Rise/Fall time" (CRFT). 
New data were obtained to re-derive the rise/fall times 
in 1991 and the values used in the IUEFA production are 
given in Table || (Gonzalez-Riestra 1991). The effective 
exposure time is: 

t eH = INT(t com /0.4096) x 0.4096 - t rise (1) 

The actual duration of the shortest exposure times 
(less than 1 sec. for the brightest standard stars) is further 
affected by the Command Decoder Cycle Time (CDCT) 
which causes exposure times to be, 2/3 of the times 10.4 
msec, longer than t com , and the remaining 1/3 is 19.6 
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Table 2. Camera Rise/Fall times 



Table 3. 



Camera 




Rise time (sec) 


LWP 




0.123±0.004 


LWR (at 


-4.5 kV) 


0.126±0.006 


SWP 




0.123±0.005 


THDA dependence parameters 


Camera 


T rc f 


C 


LWP 


9.5 


-0.0046±0.0003 


LWR 


14.5 


-0.0088±0.0004 


SWP 


9.4 


-0.0019±0.0003 



msec, shorter (Oliversen 1987). This effect can be ac- 
counted for by taking a large number of spectra of the 
same star and comparing each individual observation with 
the average spectrum. The mean spectra of the bright 
standard stars used for the derivation of the calibration 
were obtained by averaging a sufficiently large number of 
spectra with identical exposure times and no correction for 
this effect in the individual exposure times was necessary. 

3.4.2. Correction for temperature dependence 

The sensitivity of the IUE cameras depends substan- 
tially on the temperature of the Camera Head Amplifier 
(THDA): 



FN ror = 



FN, 



obs 



1 + C x (THDA - T r , 



(2) 



where C represents the change in sensitivity introduced by 
a departure of one degree from the reference temperature, 
T re f, (e.g. a difference of 5 degrees from T re f represents a 
2.5% sensitivity variation in the SWP camera). We have 
adopted the parameters given by Garhart (1991) to correct 
for this effect (Table |). 

3.4.3. The Time Sensitivity Degradation Correction 
algorithm 

The zero epoch of the IUE calibration was defined to be 
1985.0, because at this time the higher quality ITF ob- 
servations were performed. This epoch was also taken as 
reference to correct for the loss of sensitivity of the IUE 
detectors. The procedure to derive the time sensitivity cor- 
rection is fully described in Garhart et al. (1997). In short, 
fluxes in steps of 5 A were derived for several hundreds of 
spectra of the standard stars covering the whole spacecraft 
lifetime and normalized to the average of spectra obtained 
near the reference epoch 1985.0. The ratios were binned 
into time steps of six months, and then fitted to polyno- 
mials over different time periods. For the LWP camera 
there are two approaches: after 1984.5, a linear fit is used. 
Before that epoch, there are few data available, and a lin- 
ear interpolation between each pair of points is used. For 



the LWR, a fourth order polynomial is used. For SWP, af- 
ter 1979.5 a linear fit is used. Prior to this date the same 
approach as for the early LWP data is used. These correc- 
tions were all derived from pre-1990 data. The corrections 
were updated after the end of orbital operations to avoid 
the need for extrapolation. 

As mentioned above, no correction for time-dependent 
sensitivity degradation was needed for the single epoch 
data used for the derivation of the flux calibration, and 
therefore no additional uncertainty was introduced in the 
calibration by the time dependent sensitivity correction 
algorithm. 

3.5. The Zero Point of the Absolute flux scale 

The direct use of white dwarf atmospheres to define the 
absolute flux scale was discarded a priori by the IUE 
Project due to the possible errors implied in the determi- 
nation of the stellar parameters. Normalization to optical 
photometry and/or spectrophotometry was also excluded 
to avoid the extrapolation over a wide spectral range, 
which could amplify substantially the errors. 

We derived the zero point of the Final Archive ab- 
solute flux scale directly from ultraviolet observations. To 
this purpose we used as reference the OAO-2 fluxes in the 
2100-2300 A band. The reason for the selection of this 
window is that in this particular wavelength region the 
OAO-2 and the TD1 measurements show the best agree- 
ment (Beeckmans 1977). 

The procedure used to obtain this scale factor was as 
follows: 

— The 1991 calibration data were used to obtain average 
NET spectra (background-subtracted spectra in units 
of FN/s) in the LWP range for the four bright standard 
stars r\ Aur, A Lep, 10 Lac and £ Dra for (all observed 
with OAO-2) and for G191-B2B. 

— A preliminary LWP inverse sensitivity curve for 1991 
data was obtained by dividing the above average 
LWP NET spectra of G191-B2B by the corresponding 
model fluxes (normalized to the optical spectropho- 
tometry of Massey et al. 1998). A bi-cubic spline fit 
through the model fluxes has been used in this process. 

— The NET 2100-2300 A spectra of the four standard 
stars were first flux-calibrated using the preliminary 
inverse sensitivity curve and then compared with the 
average OAO-2 flux in the same band, as given in 
Meade (1978). 

The result was that the OAO-2 fluxes of the four stan- 
dards in the band 2100-2300 A are on average lower by 
a factor of 1.042 than the ones obtained from IUE obser- 
vations in the G191-B2B scale normalised to the optical 
spectrophotometry, as shown in Table || 

Therefore, the model fluxes provided by Finley, after 
normalization to Massey et al. (1988) optical spectropho- 
tometry, still had to be be divided by a factor of 1.042 
to agree with the OAO-2 absolute flux scale. This seal- 
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Table 4. The Zero Point Scale Factor 



Star 


G191-B2B scale/OAO-2 scale 


7] Aur 


1.001±0.024 


A Lep 


1.025±0.029 


10 Lac 


1.062±0.024 


C Dra 


1.078±0.029 


Average 


1.042±0.035 (rms) 



ing factor defines the UV absolute flux scale of the IUE 
instruments. 

3.6. The Inverse Sensitivity Curves 

The procedure to derive the relative Inverse Sensitivity 
Curves (hereafter ISCs) of the SW and LW cameras in 
the low resolution mode was very similar. It can be sum- 
marized in two major steps: 

a) Determination of the absolute fluxes of the IUE stan- 
dard stars from the 1991 data: 

— Determination of a mean spectrum for each standard 
star from the 1991 observations (in units of Flux 
Number/sec). 

All the spectra were individually inspected, rejecting 
those presenting any anomaly. All the exposure times 
were corrected for OBC qu antiza tion, THDA sensitiv- 
ity and CRFT (see Section 3.4.1 ). The mean spectrum 
was computed by averaging all the available spectra 
and weighting each point by its associated error. 

— Derivation of the 1991 ISC from the model and the 
mean spectrum of G191 B2B. 

The WD model was divided by the mean spectrum, 
and the ISC was derived via a bi-cubic spline, exclud- 
ing the region around Lyman a and the spurious 1515 
A absorption (de la Peha 1992). The resulting curve 
was resampled in bins of 10 and 15 A for the SW and 
LW cameras, respectively. Finally, the scaling factor of 
1.042 (see above) was applied to the curves. 

— Determination of the fluxes of the standard stars from 
the 1991 ISC. 

The final ISCs were applied to the mean 1991 spectra 
of the standard stars in order to derive their absolute 
fluxes. The fluxes so obtained define the absolute flux 
scale of IUE data (see Appendix A). 



b) Derivation of the ISCs for the 1985 Calibration epoch: 

— Determination of a mean net spectrum for each stan- 
dard star from the 1985 observations (in units of Flux 
Number/sec). 

— Determination of the 1985 ISC from the 1985 spectra 
of the standard stars and their relative fluxes. 

For each of the standard stars, an ISC was com- 
puted from the average 1985 spectra and the abso- 
lute fluxes of the standard stars derived as explained 
above. Average ISC were derived from the OAO and 



O BD+28 4211 
A DD+75 325 
□ HD 60753 



rms at 2200 A 



O Eta Aur 

A Lambda Lep 

□ 10 Lac 




O J rms at 2200 A 



o OAO stars 
A TD1 stars 




2000 2500 
Wavelength 



Fig. 1. Comparison of the fluxes of the IUE standard stars 
derived for the present calibration with those provided by 
Bohlin and Holm (1984). Shown are the ratios for stars 
observed with TD1 (upper panel) and with OAO-2 (mid- 
dle panel). The bottom panel shows the average ratio for 
the two groups of stars. 

TD1 stars. The OAO curve was scaled to the TD1 
one, and both were averaged weighting by the number 
of spectra used in each set. In the case of the LWR 
camera, separate ISC were derived for both ITFs. 
The ISCs derived following this procedure are only ap- 
plicable to low resolution Large Aperture Point spec- 
tra. Suitable scaling factors for Small Aperture and 
Trailed Low Resolution spectra are given by Garhart 
et al. (1997). 

The procedure to derive the high resolution flux cali- 
bration from the low resolution calibration is described by 
Cassatella et al. (2000). 

4. Comparison with other calibrations 

4.1. Comparison with previous IUE calibrations 

As already pointed out in Sec. [5J there was growing evi- 
dence that systematic errors were present in the calibra- 
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IUE, normalized to 0A0 scale 
FOS, normalized to V=11.781 




clcngtli 



Fig. 2. Comparison of the models of the WD G191-B2B 
used for the calibration of IUE and HST-FOS. The model 
used for IUE is normalised as to agree with the OAO-2 
scale at 2200 A, i.e. the flux of the model originally nor- 
malised to the spectrophotometry of Massey et al. (1988) 
has been divided by a factor 1.042 (see text). 



tions prior to the IUEFA. In the following we make a com- 
parison between the present flux calibration and the pre- 
vious one by ratioing the fluxes of the standard stars used 
to derive them. The results are shown in Fig. [l], where 
we represent the ratio between the new and old fluxes for 
the individual standard stars and, separately, the average 
ratios for faint (TD1) and bright (OAO-2) standards. To 
compute these ratios we have used the "corrected" fluxes 
of the standard stars as given in Bohlin and Holm (1984). 
We stress that these fluxes are not the original ones pro- 
vided by the TD1 and OAO-2 experiments, but are cor- 
rected using the factors derived by these authors to trans- 
fer them into the r\ UMa scale defined by Bohlin et al. 
(1980). The discontinuities in the flux ratios shown in the 
figure clearly indicate the errors in the previous flux scale. 
These were most likely introduced by the "correction fac- 
tors" themselves. 

In the short wavelength range, there are large fluctu- 
ations in the ratios of up to 20% over intervals less than 
100 A wide. The ratio is more uniform between 2000 and 
3100 A and then decreases abruptly, with the new fluxes 
being lower by up to a 15%. It is interesting to remark that 
the largest discrepancies are present in the region 1500- 
1700 A where, probably not accidentally, the differences 
between TD1 and OAO-2 fluxes are maximum. 

The broad features visible in the flux ratio shown in 
Fig. |l| are remarkably similar to those of the "correction 
factor" derived by Finley et al. (1990) from the compar- 
ison of atmosphere models and observations of DA white 
dwarfs, in particular shortward 2000 A. 



4.2. Comparison with the HST Absolute Flux Scale 

White dwarf models have been used for the flux calibra- 
tion in the UV range of other space experiments. This is 
the case of the Hubble Space Telescope and the Hopkins 
Ultraviolet Telescope (HUT, Kruk et al. 1997, 1999). In 
the following we will compare the IUE and HST-FOS flux 
calibrations. The comparison of HUT (both ASTRO-1 
and ASTRO-2) and FOS is described in Kruk et al. (1997, 
1999). 

The absolute calibration of the HST Faint Object 
Spectrograph is based on a slightly different model of 
the DA WD G191-B2B (Bohlin et al. 1995) with a 
pure Hydrogen atmosphere, an effective temperature of 
61300 K, log g=7.5, and normalised to V=11.781 (Colina 
and Bohlin 1994). 

The difference in effective temperature of the mod- 
els used for the calibrations of IUE and FOS results in 
a slightly different slope in the UV range (approximately 
1%, see Fig. |^). The model fluxes used for the IUE calibra- 
tion (with the original scaling to optical spectrophotome- 
try) are lower than the model used for FOS by 1.1 % at 
5500 A due to the different normalisation. The additional 
4.2% scaling factor makes this difference 5.3% at V (in the 
sense that the FOS model is brighter. This normalisation 
implies a V magnitude of 11.84 for G191-B2B, in contrast 
with the recent revision by Bohlin (2000) which derived a 
value of V=11.773±0.0012(l a). 

The slightly different slope of the models increases this 
discrepancy in the IUE range. The average ratio of the 
models used in the IUE and the FOS calibrations in the 
range 1150-3350 A (excluding the region around Lyman 




1400 1600 
Wavelength 



Fig. 3. Comparison of the IUE, HST-FOS and HUT 
fluxes of the standard star BD+75 325. Shown for com- 
parison in the upper panel is the ratio of the models of the 
WD G191-2B2 used for the calibration of IUE and FOS 
(the same as shown at the bottom panel of Fig. |J). This 
shows that although the relative calibrations are quite con- 
sistent, the absolute scale is still rather uncertain. 
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Ratio INES/SWET SWP camera 
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: — 28 spectra w 


th texp =20-30 sec 






— 22 spectra w 
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; 










1200 1400 
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Wavelength 

Fig. 4. Average ratio of NEWSIPS and INES fluxes for 
SWP spectra of the standard star BD+28 4211 (28 spectra 
with exposure times between 20 and 30 sec. and 22 spectra 
with exposure times between 50 and 60 sec). The thin 
line corresponds to the average ratio for non-saturated 
spectra, and the thick one to saturated spectra, with only 
the non-saturated region shown. The dashed lines mark 
the ± 5% limits. 

a) is 0.933, i.e. model used for the IUE calibration is lower 
by a 7.2%. 

We have compared the IUE, FOS (Bohlin 1996) and 
HUT (Kruk, private communication) absolute fluxes of 
the standard star and BD+75 325 in the spectral region 
of overlap of the three experiments, as shown in Fig. |^. The 
continuous line in the upper panel of the figure represents 
the ratio between the models used for the IUE and FOS 
calibrations. The average ratios IUE/other over the com- 
mon wavelength range is 0.93±0.03 and 0.99±0.05 for FOS 
and HUT, respectively. The figure shows that the overall 
agreement between IUE and FOS flux and model ratios is 
good, although there are some broad features, which are 
thought to be induced by the effects of the residual non- 
linearities of the IUE cameras on the spectra used for the 
calibration. On average, the flux ratio IUE/FOS is within 
a 3% of the model ratio, except for the region 2250-2450 
A where it is lower by a 4%. 

The IUE fluxes seem to agree better with the HUT 
data, but this might simply be an accidental artifact, due 
to the complex calibration of the different HUT instru- 
mental configurations and the large uncertainties involved 
(Kruk, private communication). 

Although the comparisons in Fig. [| show a general 
agreement in the three calibrations (IUE independent of 
HST and HUT, which are based on the same absolute 
fluxes), to ±3% in the relative calibration, it is clear that 
the absolute UV scale is still uncertain to ±10%. 

4.3. Applicability to INES-extracted data 

The flux calibration described in this paper has been 
derived from IUE low resolution spectra processed with 



NEWSIPS and the SWET optimal extraction procedure 
(Garhart et al. 1997). IUE low resolution data have been 
re-extracted from the A f i?W / 5'/F<S'bi-dimensional SILO files 
using a different algorithm for the INES archive. The INES 
extraction is described in detail by Rodrfguez-Pascual et 
al. (1999). It includes, among other features, new noise 
models and an improved extraction procedure. Both ex- 
traction algorithms (SWET and INES) use the same in- 
verse sensitivity curve, therefore any differences in the 
flux calibrated spectra would also appear in NET spec- 
tra. Differences of this kind could in principle arise from 
the different procedures used to estimate the background 
level, to evaluate the spatial profile, and from the adopted 
noise model. 

In order to check the applicability of the Final Archive 
calibration to ZA/ES-extracted data we have taken low res- 
olution spectra of the IUE standard star BD+28 4211 and 
compared the INES and the NEWSIPS fluxes. For this 
purpose we have divided the spectra into two groups ac- 
cording to their level of exposure: the first group contain- 
ing non-saturated spectra, and the second one containing 
spectra saturated in the region of maximum sensitivity of 
the cameras. We have computed the mean ratio for each 
group of spectra. The results are shown in Fig. [|, Fig. || 
and Fig. |[ 

In the SWP camera, the average flux ratio 
INES/SWET for the short-exposure time spectra is 
1.00+0.01 longward 1250 A, with a slight slope along the 
full wavelength range (i.e. the INES flux is slightly lower 
than the SWET flux shortward 1400 A and slightly higher 
longward 1600 A). Shortward of Lyman a the INESQux is 
up to a 8 % lower. The INES flux is also lower in this spec- 
tral range for the longest exposure spectra, but only by less 
than 4%. Longward 1400 A the flux ratio is 1.00+0.01 in- 
dependently on the level of exposure of the spectra. 



Ratio INES/SWET LWP camera 



_ BD + 28°4211 






— 24 spectra 


with texp - -15 - 50 sec 




— 20 spectra 


with texp - 95 -150 sec 


1 









p.. 







2000 2200 2400 2600 2800 3000 3200 

Wavelength 



Fig. 5. Same as Fig. [|, but for the LWP camera. Shown 
are the average ratios corresponding to 24 spectra with 
exposure times between 45 and 50 sec. and 20 spectra with 
exposure times between 95 and 150 sec. of the standard 
star BD+28 4211. 
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Ratio INES/SWET LWR camera 



BD+38'4211 

— 27 spectra with texp — 55 — 65 sec 

- 4 spectra with texp - 75 -110 sec 




2400 2600 2800 

Wavelength 



Fig. 6. Same as Fig. ||, but for the LWR camera. Shown 
are the average ratios for 27 spectra with exposure times 
between 55 and 65 sec. and 4 spectra with exposure times 
between 75 and 110 sec. of BD+28 4211. All the spectra 
have been processed with ITF-B (see Section 3.2) and 
were taken in the period during which the camera was 
still operational (1978-1983). 

In the case of the LWP camera, the INES and SWET 
fluxes agree within 1% along most of the spectral range 
(2200-3000 A). The largest differences are found at the 
edges of the range. While at the short wavelengths the 
INES extraction provides fluxes up to a 10% lower than 
SWET, the contrary occurs longward 3000 A where INES 
fluxes can be a 10% higher. It must be noted that in 
both cases the differences are larger for short-exposure 
time spectra, suggesting that the discrepancy can origi- 
nate from non-linearity effects at low exposure levels. 

The largest discrepancies are found in the LWR cam- 
era (for images processed with ITF-B). In the region 
2500-3000 A the ratio INES/SWET is 1.02±0.04, while 
at shorter wavelengths (2100-2500 A) it is closer to unity: 
1.01±0.04. As in the case of the LWP camera, it is long- 
ward 3200 A where the difference becomes larger, with 
the INES flux larger by up to a 20%. In this camera there 
is no significative difference in the behaviour of short and 
long exposure time spectra. 

In summary, the differences between the INES and 
S WET extractions are within a 2% over most of the spec- 
tra range, with largest differences at the edges of the cam- 
eras (in the SWP only at the shortest wavelengths). 

5. Conclusions 

In this paper we have described the definition of the flux 
scale which has been adopted for the flux calibration of the 
IUE Final Archive data. After having discussed the inade- 
quacy of the -q UMa flux scale as in Bohlin et al. (1980), we 
have shown that a more pertinent method which optimizes 
the internal and external consistency of IUE fluxes is to 
use the DA white dwarf G191-B2B as primary standard 
star. The procedure followed consisted basically in using 
the IUE observations of this star obtained in 1991 together 



with model atmosphere fluxes normalized to the data from 
optical spectrophotometry in Massey et al. (1988) to ob- 
tain the shape of the inverse sensitivity curves for the three 
IUE operational cameras. At this point, the many IUE ob- 
servations of r\ Aur, A Lep, 10 Lac and £ Dra, also obtained 
in 1991, were used to find a suitable scaling factor of the 
sensitivity curves such that, after calibration, the scaled 
fluxes best fitted the corresponding OAO-2 original mea- 
surements from Meade (1978) in the range 2100-2300 A. 
The choice of this wavelength interval to set the scaling 
factor was to link the IUE calibration to ultraviolet instead 
of optical observations. Also, the 2100-2300 A range is the 
one where the agreement b etwe en TD1 and OAO-2 fluxes 
is best. As shown in Sect. EDI the 2100-2300 A OAO-2 



fluxes of the quoted four standards are on average a fac- 
tor of 1.042 lower than those from the G191-B2B model 
normalised to the data from optical spectrophotometry 
(Massey et al. 1988). 

The sensitivity curves for the 1991 epoch, together 
with the very many observations of the standard stars 
secured in this epoch were to define the absolute fluxes of 
the standard stars. These fluxes were then used as input 
to derive the sensitivity curves for the 1985 calibration 
epoch (i.e. the epoch the ITFs were obtained for the IUE 
cameras) . 

The absolute fluxes of six IUE standard stars and the 
model fluxes of G191-B2B in the OAO-2 scale are given 
in Appendices A and B, respectively. 



As shown in Sec. 4.2, the fluxes obtained with this cali- 



bration are on average 7.2% lower than the ones provided 
by the Faint Object Spectrograph on board the Hubble 
Space Telescope in the range 1150-3350 A. This discrep- 
ancy can be ascribed to the different choice for scaling 
the G191-B2B model fluxes and, to a minor extent, to 
the slightly different stellar parameters adopted for the 
G191-B2B model. 

Rodriguez-Pascual et al. (1999) have discussed the 
INES system and its advantages over NEWSIES to re- 
move the systematic errors found in this latter package. 
In view of the different extraction software used in the 
two systems, a specific test has been carried out in this 
paper to verify the applicability of the present flux scale 
to low resolution data processed with INES. The conclu- 
sion is that, in spite of the different extraction algorithms 
used, the application of the present calibration to INES 
spectra is fully justified. We stress that the present paper 
has a direct application to the absolute calibration of low 
resolution spectra. The method used to obtain absolute 
calibration of high resolution spectra has been discussed 
elsewhere (Cassatella et al. 2000). 
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Appendix A: The Absolute Fluxes of the IUE 
Standard Stars 

The tables and figures in Appendix A show the absolute 
fluxes of the IUE Standard Stars used for the derivation 
of the cameras Inverse Sensitivity Curves. These fluxes 
have been derived as described in the text, i.e. the relative 
fluxes with the model of the WD G191 B2B, and the zero 
point of the scale set by OAO-2 observations. These fluxes 
define therefore the absolute flux scale of IUE. In all cases 
the wavelength is in A and the flux in erg cm~ 2 s _1 A -1 . 
Note that in some cases there are gaps in the data, due 
to the presence of instrumental artifacts that preclude the 
accurate determination of the flux in that wavelength bin. 

Appendix B: The Model Fluxes of G191-B2B 

The table in Appendix B gives the model fluxes of the 
white dwarf G191-B2B from Finley (private communica- 
tion, 1991). These fluxes are scaled to the OAO-2 flux 
scale, i.e. the fluxes provided -originally scaled to the 
optical spectrophotometry of Massey et al. (1988)- have 
been divided by 1.042. Wavelength is in A and flux in 
erg cm~ 2 s _1 A -1 . 
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Table A.l. BD+28 4211 



Wavelength 


Flux 


Wavelength 


Flux 


Wavelength 


Flux 


Wavelength 


Flux 


Wavelength 


Flux 


1150 


6.z7rj-ll 


1500 


2.64E-11 


1850 


1.21E-11 


2315 


c* not 1 1 o 

5.03-b-lz 


2840 


O /tit 1 1 1 

2.411i-12 


1160 


6.25E-11 


1510 


O A TT71 1 1 

2.47E-11 


1860 


1.19E-11 


2330 


f 1 O TTi 1 A 

5.13E-12 


2855 


O A V T71 1 O 

2.45E-12 


1170 


5.95E-11 


1520 


2.41E-11 


1870 


1.17E-11 


2345 


A f f"T7* "I A 

4.55E-12 


2870 


O O A T? 1 O 

2.34E-12 


1180 


5.90E-11 


1530 


O A A T71 1 1 

2.44E-11 


1880 


1.15E-11 


2360 


A f O -1 O 

4.53E-12 


2885 


2.37E-12 


1190 


5.43E-11 


1540 


O A -I "D 1 1 

2.41E-11 


1890 


1.13E-11 


2375 


4.61E-12 


2900 


O O'VTT' 1 O 

2.27E-12 


1200 


5.48E-11 


1550 


O A f T71 1 1 

2.26E-11 


1900 


1.10E-11 


2390 


A 1 OT7* "I A 

4.18E-12 


2915 


O Or\TTl 1 o 

2.20E-12 


1210 


3.59E-11 


1560 


2.28E-11 


1910 


1.09E-11 


2405 


4.37E-12 


2930 


O OAT? 1 O 

2.20E-12 


1220 


3.59E-11 


1570 


O A / ' T71 1 1 

2.26E-11 


1920 




2420 


,1 O OD "I A 

4.38E-12 


2945 


O -1 A T71 -| <-i 

2.14E-12 


1230 


4.86E-11 


1580 


2.18E-11 


1930 




2435 


^ or" D i o 

4.25E-12 


2960 


O 1 AT? 1 O 

2.10E-12 


1240 


A O OD 11 


1590 


2.10E-11 


1940 


1.01E-11 


2450 


A O CD 1 A 


2975 


O 1 AD 1 O 


1250 


A OAT71 1 1 

4.80E-11 


1600 


2.04E-11 


1950 


9.94E-12 


2465 


4.06E-12 


2990 


O AOT? 1 O 

2.02E-12 


1260 


4.70E-11 


1610 


1.00E-11 


1960 


9.82E-12 


2480 


o O O 1 ' 1 o 

3.93E-12 


3005 


O AA"P -1 O 

2.00E-12 


1270 


4.411i-ll 


1620 


1.99rj-ll 


1970 


c\ r> rrD -i r> 

\j.o7cj-i2 


2495 


o nop i o 


3020 


1 A rjr D 1 O 


1280 


4.41E-11 


1630 


1.87E-11 


1980 


9.62E-12 


2510 


O OD "I A 

3.68E-12 


3035 


1.97E-12 


1290 


A (1 T71 1 1 

4.43E-11 


1640 


1.68E-11 


2000 


O £} A D 1 O 

8.60E-12 


2525 


O >"70D 1 O 

3.78E-12 


3050 


1 /' OD 1 O 

1.68E-12 


1300 


4.21E-11 


1650 


1.83E-11 


2015 


O A 1 A 

8.48E-12 


2540 


3.80E-12 


3065 


1 O OD 1 O 

1.88E-12 


1310 


a aatti i i 

4.09E-11 


1660 


1.82E-11 


2030 


O AO"D 1 A 

8.23E-12 


2555 


O OT71 -i a 

3.68E-12 


3080 


1 O OD 1 O 

1.83E-12 


1320 


3.90E-11 


1670 


1.79E-11 


2045 


8.23E-12 


2570 


O 0"D 1 O 

3.62E-12 


3095 


1 O OT7 1 O 

1.83E-12 


1330 


4.05E-11 


1680 


1.77E-11 


2060 


O 1 AD 1 O 


2585 


3.55E-12 


3110 


1 OAD 1 O 


1340 


3.68E-11 


1690 


1.71E-11 


2075 


IT A A T71 1 A 

7.44E-12 


2600 


3.55E-12 


3125 


1.77E-12 


1350 


3.68E-11 


1700 


1.64E-11 


2090 


7.82E-12 


2615 


3.50E-12 


3140 


1 / » OT7 1 O 

1.68E-12 


1360 




1710 


1.58E-11 


2105 


T CT AD 1 A 


2630 


O O AD 1 a 


3155 


1 7AD 1 O 


1370 


O A OD 1 1 

3.42E-11 


1720 


1.57E-11 


2120 


7.19E-12 


2645 


O O OT71 1 O 

3.28E-12 


3170 


1 i^/^D 1 O 

1.66E-12 


1380 


3.57E-11 


1730 


1.50E-11 


2135 


IT O / 1 TT1 1 A 

7.36E-12 


2660 


o Or" T71 1 o 

3.25E-12 


3185 


1 /""AD 1 A 

1.60E-12 






1 7 An 


1 1 1 


91 ^0 






Q 1 4 p 1 9 


"WOO 


1 47P 1 9 


1400 


3.33E-11 


1750 


1.50E-11 


2165 


6.51E-12 


2690 


3.04E-12 


3215 


1.52E-12 


1410 


3.23E-11 


1760 


1.49E-11 


2180 


6.20E-12 


2705 


3.08E-12 


3230 


1.49E-12 


1420 


3.13E-11 


1770 


1.43E-11 


2195 


6.19E-12 


2720 


2.89E-12 


3245 


1.49E-12 


1430 


3.20E-11 


1780 


1.42E-11 


2210 


5.55E-12 


2735 


2.64E-12 


3260 


1.46E-12 


1440 


3.03E-11 


1790 


1.41E-11 


2225 


5.96E-12 


2750 


2.89E-12 


3275 


1.44E-12 


1450 


2.96E-11 


1800 


1.34E-11 


2240 


5.50E-12 


2765 


2.70E-12 


3290 


1.35E-12 


1460 


2.89E-11 


1810 


1.30E-11 


2255 


5.60E-12 


2780 


2.74E-12 


3305 


1.39E-12 


1470 


2.78E-11 


1820 


1.28E-11 


2270 


5.69E-12 


2795 


2.61E-12 


3320 


1.35E-12 


1480 


2.74E-11 


1830 


1.27E-11 


2285 


5.26E-12 


2810 


2.58E-12 


3335 


1.37E-12 


1490 


2.64E-11 


1840 


1.23E-11 


2300 


5.33E-12 


2825 


2.60E-12 
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1.41E-12 




1500 2000 2500 3000 

Wavelength 



Fig. B.l. UV spectral distribution of the White Dwarf G191-B2B 
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Table A.2. BD+75 325 



Wavelength 


Flux 


Wavelength 


Flux 


Wavelength 


Flux 


Wavelength 


Flux 


Wavelength 


Flux 


1150 


9.01E-11 


1500 


4.26E-11 


1850 


O O^TI 1 1 1 

z.36rj-ll 


2315 


1.13E-11 


2840 


5.95E-12 


1160 


9.20E-11 


1510 


4.11E-11 


1860 


A O / 1 T? 1 1 

2.36E-11 


2330 


1.22E-11 


2855 


f O / ' T? 1 <"» 

5.86E-12 


1170 


O A O T? 1 1 

8.43E-11 


1520 


O AIT? 1 1 

3.93E-11 


1870 


C\ o A T? 1 1 

2.34E-11 


2345 


1.13E-11 


2870 


5.60E-12 


1180 


8.11E-11 


1530 


O o /"> T? 1 1 

3.86E-11 


1880 


A OAT7 1 1 

2.29E-11 


2360 


1.12E-11 


2885 


f r tt? i a 

5.57E-12 


1190 


7.56E-11 


1540 


A / \ O T? 1 1 

4.03E-11 


1890 


2.28E-11 


2375 


1 ATT? 1 1 

1.07E-11 


2900 


f OAT? 1 A 

5.39E-12 


1200 


7.94E-11 


1550 


O OAT? 1 1 

3.80E-11 


1900 


2.22E-11 


2390 


f\ A AT? 1 a 

9.49E-12 


2915 


5.38E-12 


1210 


/ i r\r' T? 1 1 

6.06F-11 


1560 


O T^T? 1 1 

3.76E-11 


1910 


2.22E-11 


2405 


1.00E-11 


2930 


f OAT? 1 A 

5.39E-12 


1220 


5.88E-11 


1570 


3.56E-11 


1920 




2420 


1 AO T? 1 1 

1.03E-11 


2945 


5.15E-12 


1230 


6.76F-11 


1580 


3.67E-11 


1930 




2435 


1.01E-11 


2960 


f AAT? 1 A 

5.00E-12 


1240 


5.54E-11 


1590 


O /''AT? 1 1 

3.62E-11 


1940 


A A i\ T? 1 1 

2.09E-11 


2450 


1.00E-11 


2975 


5.05E-12 


1250 


6.27E-11 


1600 


O A OT?- 1 1 

3.48E-11 


1950 


A A ( ' T? 1 1 

2.06E-11 


2465 


9.82E-12 


2990 


A A 1 T? 1 A 

4.91E-12 


1260 


6.20E-11 


1610 


3.27E-11 


1960 


2.00E-11 


2480 


9.49E-12 


3005 


4.81E-12 


1270 


6.17E-11 


1620 


3.341V11 


1970 


1 AATI 1 1 1 

1.99rj-ll 


2495 


A /I ATT 1 1 A 


3020 


a fClTT 1 1 A 


1280 


f OAT? 1 1 

6.22E-11 


1630 


3.17E-11 


1980 


1.99E-11 


2510 


O AAT? 1 A 

8.02E-12 


3035 


A T' T? 1 <"» 

4.76E-12 


1290 


6.50E-11 


1640 


A AOT? 1 1 

2.98E-11 


2000 


1.85E-11 


2525 


8.72E-12 


3050 


4.47E-12 


1300 


6.06E-11 


1650 


3.22E-11 


2015 


1.87E-11 


2540 


A AOT? 1 A 

9.08E-12 


3065 


/I f OT? 1 A 

4.53E-12 


1310 


5.71E-11 


1660 


3.22E-11 


2030 


1.81E-11 


2555 


O /"> A T? 1 A 

8.64E-12 


3080 


A O OT? 1 A 

4.38E-12 


1320 


5.58E-11 


1670 


3.23E-11 


2045 


1.83E-11 


2570 


O /I AT? 1 A 

8.49E-12 


3095 


A O OT? 1 A 

4.38E-12 


1330 


5.84E-11 


1680 


3.31E-11 


2060 


1.71E-11 


2585 


8.26-b-lz 


3110 


a 0/?Tp 1 A 


1340 


5.53E-11 


1690 


3.21E-11 


2075 


1.64E-11 


2600 


8.11E-12 


3125 


A C\ A T7 1 -1 <~» 

4.24E-12 


1350 


5.41E-11 


1700 


3.03E-11 


2090 


1.64E-11 


2615 


8.07E-12 


3140 


4.11E-12 


1360 


5.24E-11 


1710 


A A^HT 1 1 1 


2105 


1.62E-11 


2630 


r> TOT7 1 1 A 

7.73.b-12 


3155 


^ 1 ATI 1 1 A 


1370 


f AAT? 1 1 

5.20E-11 


1720 


A TAT? 1 1 

2.72E-11 


2120 


1.53E-11 


2645 


t r" r" t? i a 

7.55E-12 


3170 


/I AOT? 1 A 

4.03E-12 


1380 


5.16E-11 


1730 


A TOT?- 1 1 

2.78E-11 


2135 


1.50E-11 


2660 


T A TT? 1 A 

7.47E-12 


3185 


o f7ori i a 

3.78E-12 




k i or 1 1 


1 7 An 


9 8QF 1 1 


91 ^0 


1 ^OF 1 1 






"WOO 


Q 9RP 1 9 


1400 


5.02E-11 


1750 


2.81E-11 


2165 


1.41E-11 


2690 


7.21E-12 


3215 


3.57E-12 


1410 


4.88E-11 


1760 


2.85E-11 


2180 


1.43E-11 


2705 


7.25E-12 


3230 


3.59E-12 


1420 


4.77E-11 


1770 


2.76E-11 


2195 


1.32E-11 


2720 


6.80E-12 


3245 


3.63E-12 


1430 


4.84E-11 


1780 


2.75E-11 


2210 


1.34E-11 


2735 


5.76E-12 


3260 


3.51E-12 


1440 


4.77E-11 


1790 


2.76E-11 


2225 


1.33E-11 


2750 


6.72E-12 


3275 


3.29E-12 


1450 


4.41E-11 


1800 


2.58E-11 


2240 


1.37E-11 


2765 


6.54E-12 


3290 


3.27E-12 


1460 


4.46E-11 


1810 


2.48E-11 


2255 


1.17E-11 


2780 


6.51E-12 


3305 


3.17E-12 


1470 


4.40E-11 


1820 


2.45E-11 


2270 


1.28E-11 


2795 


6.19E-12 


3320 


3.14E-12 


1480 


4.33E-11 


1830 


2.52E-11 


2285 


1.25E-11 


2810 


6.13E-12 


3335 


3.27E-12 


1490 


4.20E-11 


1840 


2.41E-11 


2300 


1.20E-11 


2825 


6.14E-12 


3350 


3.61E-12 
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Table A.3. HD 60753 



Wctvelengt h 


r lux 


Wavelengt h 


r lux 


Wavelength 


r lux 


Wcive length 


T?lnv 

r lux 


Wavelength 


T?lnv 

r lux 


lloU 


o.UI-Cj- 1 1 


loUU 


7 /1GT? 1 1 
( .4yi!j-ll 


loOU 


A fidJ? 1 1 

4.oynj-ii 


OQ1 K 


q i crrr 1 i i 
o. lOJif-l 1 


OQ/1G 
Zo4U 


o op;t? i i 
Z.Zosh- 11 


lloU 


O OOti 1 i i 

o.ZZfj- 1 1 


i ^i n 
loiu 


OI T? 11 

D.yiri;-ll 


loDU 


A PxCkT? 1 1 
4.Dy±L/-ll 


OQQA 
Zool) 


Q 1 7 , T7 1 1 1 
. 1 ( Sir- 1 1 


oocc 
zooo 


O O/IT? 1 1 
Z.Z411/-11 


I 1 70 

II / U 


O OIP ii 

o.z 1Hj- 1 1 


i p»oo 
iozu 


A CAT? 1 1 


1 S70 
lo / U 


c r\QT? i i 

o.uynj-ii 


ZO40 


O 7/1 T? 11 
Z . ( 4 Hj- 1 1 


0S7G 
Zo / U 


OGT? 1 1 

z.zyrL-ii 


lloU 


7 KAT? 1 1 
/ .04Jl/- 1 1 


looU 


cor i i 


looU 


A Q7T? 1 1 
4.o / 1L-11 


zoDU 


O QQT? 1 1 
Z.oO-Cj-1 1 


ZOOO 


O OOT? 1 1 
Z.ZZlh- 11 


1 1 on 
liyu 


7 A1 T? 11 
/ .01-Cj- 1 1 


1 KAC\ 
104U 


AQT? 1 1 

D.Oorj-11 


i son 
loyu 


A Kf\T? 1 1 
4.0U1L-11 


Zoto 


O 7^T? 1 1 
Z . ( D ii/- 1 1 


OGGG 

zyuu 


O OGT? 1 1 
z.zUj1/-11 


i ooo 

1ZUU 


Q ATT? 1 1 
0.4l I-- 1 1 


i kkc\ 


A A^T? 1 1 


i onn 
iyuu 


A «C\T? 1 1 
4.DU-CJ-11 


zoyu 


O 77T? 1 1 
Z. i i Hi- 1 1 


OQ1 K 

zyio 


1 GT? 1 1 

z. iyrL-11 


i oi o 

1Z1U 


7 £QT? 1 


10DU 


p A GT? 1 1 
D.4yrj-ll 


i oi n 
iyiu 


A PCiT? 1 1 
4.Dyi!j-ll 


O/i nc; 
z4U0 


o 7^T? i i 
z. ( oJi/-l 1 


OGQG 

zyou 


O 1 GT? 1 1 
z. 1UH/-11 


i ooo 
IzzU 


1 7/1 T? 1 1 
1 . ( 4rj- 1 1 


1 ^7G 

10 < u 


a p;qt? i i 


i oon 
iyzu 




O/i on 
z4zU 


O Q7T? 1 1 
Z.Ot hi- 1 1 


OG/1 K 

zy4o 


O 1 GT? 1 1 
Z. IU.Cj-11 


1 OQO 

IzoU 


a QQtr 1 1 1 
O.OOSli- 1 1 


i t^cn 
lOoU 


p A7T? 1 1 

D.O / 1L-11 


1 GQf) 

iyou 




O/l Qc: 
z4oo 


O 71 T? 11 

z. ( iHj-i i 


OG(^G 

zyou 


O G(^T? 1 1 
Z.UD-Cj-11 


1 O/io 
1Z4U 


O 1 OT? 1 1 


ioyu 


p TQT7 1 1 


1 0/in 

iy4u 


A AQT? 1 1 
4.4yi!j-ll 


O/l KC\ 
Z4oU 


O Qf^T? 1 1 
z.oDJi/-l 1 


OG7P; 

zy / o 


O GAT? 1 1 
Z.UDH/-11 


i op;o 
IzoU 


O QOT? 1 1 

y.ozii/- 1 1 


1 AGO 
1DUU 


p. A KT? 1 1 

D.4orj-ll 


1 C\Kf\ 

iyou 


A QGT? 1 1 

4.oyrj-ii 


O/l fc.K 

z4Do 


O 7GT? 1 1 
Z . ( {Jilt- 1 1 


OGGG 

zyyu 


O OGT? 1 1 
Z.UyHi-11 


IzoU 


Q E/IT? 11 
o.04_Cj-1 1 


i ai o 
1D1U 


p. OfiT? 1 1 

D.zDrj-11 


iyou 


A OQT? 1 1 

4.zorj-ll 


O/i Qfl 
z4oU 


O (^T? 1 1 
Z.DD-Cj-1 1 


QGGK 

oUUo 


O OOT? 1 1 
Z.Uzj1/-11 


i 070 
Iz / U 


O 1 GT? 1 1 

y . i yii(- 1 1 


i son 
IDzU 


p 07D 1 1 

D.o / 1L-11 


1 G7fl 

iy / u 


A AQT? 1 1 
4.4yrj-ll 


O/l QK 

z4yo 


O QGT? 1 1 
Z.oU-Cj-1 1 


QGOG 

oUzU 


O OOT? 1 1 
Z.UUH/-11 


1 OfiO 

IzoU 


O A /IT? 11 
y.441i/- 1 1 


1 AQG 
IDOU 


P P.QT? 1 1 

o.oyrv-ii 


i gqg 
iyou 


A M T? 11 
4.011L-11 


zolU 


o Q1 T? 11 
Z.oI-Cj-I 1 


oUoO 


O GST? 1 1 
Z.UO-Cj-11 


i oon 
IzyU 


Q GQT? 1 1 

o.yoli/- 1 1 


i A/i o 
1D4U 


P PCiTT 1 1 


zUUU 


o G^T? 1 1 

o.yOrj-11 


zozo 


O 7QT? 1 1 
Z . ( O-Cj- 1 1 


oUoU 


1 7/1 T? 1 1 
1. 1 4H/-11 


i qoo 
loUU 


a f?OT? i i 
O.vZiit- 1 1 


IDOU 


p GOT? 1 1 

D.Oorj-11 


oni 
zUlO 


A OPxT? 1 1 

4.zD1!j-11 


Z04U 


O «A T? 1 1 
z . D4rj- 1 1 


oUdo 


1 G7T? 1 1 
1 . y ( Sli- 1 1 


lolU 


Q 1 PT? 1 1 
O . 1 D-Cj- 1 1 


i ppc\ 
1DDU 


P Q^TJ 1 1 1 


zUoU 


Q GCTJ 1 1 1 

o.yoii/-ii 


zooo 


O PKT? 1 1 

z.Doii/-ll 


QGQG 

oUoU 


1 GCTT 1 1 1 

l.yorj-11 


i qoo 
lozU 


O AGT? 1 1 

y.Dyii/- 1 1 


1 A7G 
ID f U 


p QOTT 1 1 
D.oyiL-11 


OG/1 K 

ZU40 


Q GOT? 1 1 

o.yzrj-11 


o^7n 
zo ( U 


O (^GT? 1 1 
Z.Ki\)£j-L 1 


qggp; 
ouyo 


1 GGT? 1 1 

i.yyn/-ii 


1 QQO 


Q 1 1 T7 1 11 
0. 1 1-Cj- 1 1 


1 AQG 
lUoU 


KIT? 1 1 
D.O / iVll 


zUoU 


Q QVTP 1 1 

o.o / 1L-11 


ZOOO 


O f^OT? 1 1 
Z.DZli(-l 1 


Q1 1 G 
OllU 


1 GAT? 1 1 

l.yorj-11 


lo4U 


Q A AT? 11 
o.44li/- 1 1 


i ago 

loyu 


p a QT? 1 1 
D.4o1!j-11 


zU / 


Q QCT? 1 1 
O.OD-Cv-ll 


zDUU 


O f^QT? 1 1 
Z.DoJi/-l 1 


qi op; 
olzo 


i gp;t? i i 
i.yorj-ii 


i qp;o 
looU 


O QGT? 1 1 

y.oyrj-i i 


i 7nn 
1 ( UU 


P QQT? 1 1 

D.Oorj-11 


zuyu 


O.Do.Cj-11 


0(^1 
zDlo 


O «AT? 1 1 
Z . D4J1/- 1 1 


QI /1G 
ol4U 


1 SAT? 1 1 

l.oOrij-ll 


i qao 
looU 


O O^T? 1 1 

y.zo-cj- 1 1 


i 71 n 
1 f 1U 


C QOTT' 1 1 

0. oor!/- 11 


OI f\K 

ZlUO 


Q fil T? 11 

o.Dlrj-11 


zDoU 


O f^QT? 1 1 

z.Dorj-11 


QI KK 
OlOO 


1 QGT? 1 1 


1 Q70 

lo / u 


Q 7PT? 1 1 
o . I DHj- 1 1 


1 70O 
1 I zU 


O.OOHj-11 


oi on 

Z1ZU 


Q 70T? 1 1 
O. / ZHj-11 


Ofi/1 
ZD40 


O 71 T? 11 
Z. ( 1Hj-1 1 


QI 70 
Ol / U 


1 SQT? 1 1 
I.OO-Cj-11 


i qqo 
looU 


Q GIT? 11 

o.yiii(- 1 1 


1 7QG 
1 I OU 


c fi7T? 1 1 
O.D / Hj-11 


oi qp; 
zloo 


q COT? 1 1 
O.DUlL-11 


zDDU 


O (^OT? 1 1 
Z.DZli/-l 1 


QI QK 
OlOO 


i 7p;t? i i 

I . ( O-tL- 1 1 


1390 


8 'HOF,-! 1 


1740 


5.75E-11 


2150 


3.45E-11 


2675 


2 fifTR-1 1 


3200 


1.72E-11 


1400 


8.05E-11 


1750 


5.70E-11 


2165 


3.45E-11 


2690 


2.56E-11 


3215 


1.65E-11 


1410 


8.26E-11 


1760 


5.77E-11 


2180 


3.12E-11 


2705 


2.57E-11 


3230 


1.70E-11 


1420 


8.20E-11 


1770 


5.60E-11 


2195 


3.21E-11 


2720 


2.51E-11 


3245 


1.72E-11 


1430 


8.36E-11 


1780 


5.62E-11 


2210 


3.20E-11 


2735 


2.52E-11 


3260 


1.72E-11 


1440 


8.35E-11 


1790 




2225 


3.30E-11 


2750 


2.42E-11 


3275 


1.67E-11 


1450 


8.69E-11 


1800 


5.73E-11 


2240 


3.13E-11 


2765 


2.38E-11 


3290 


1.65E-11 


1460 


8.57E-11 


1810 


5.39E-11 


2255 


3.09E-11 


2780 


2.47E-11 


3305 


1.59E-11 


1470 


8.03E-11 


1820 


5.28E-11 


2270 


3.10E-11 


2795 


2.31E-11 


3320 


1.43E-11 


1480 


7.74E-11 


1830 


5.34E-11 


2285 


3.08E-11 


2810 


2.33E-11 


3335 


1.55E-11 


1490 


7.70E-11 


1840 


5.10E-11 


2300 


3.19E-11 


2825 


2.39E-11 


3350 


1.51E-11 
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Table A.4. HD 32630 



Wctvelengt h 


r 1UX 


Wavelength 


Plnv 

r lux 


Wavelength 


Pill V 

r 111X 


Wavelength 


Plnv 

r lux 


Wave length 


Plnv 

r lux 


lloU 


A oop no 


loUU 


o iip no 

o. iiiL-uy 


looU 


i Qf^p no 


oqi p; 
zolo 


i i a p no 


oft/in 
zo4U 


7 onp i n 
/ .zUri/-lU 


llOU 


A OQP HO 


i cin 

loiu 


o 7/117 no 
z. / 4iL-uy 


loDU 


i onp no 

i.yuiL-uy 


zooU 


i nop no 
i.uy±ij-uy 


oftp;p; 

ZOOO 


7 07P i n 
i .z / Ji-lU 


11 / U 


o qp.p no 
o.yo-cj-uy 


iozu 


o nit 1 no 
z.y iiL-uy 


i S7n 
lo / u 


i qqp no 
i.yyuj-uy 


ZO40 


o oi p in 
y.yiUj-iu 


0ft7n 

ZO / u 


7 nQP i n 
* .uyrL/-iu 


1 1 sn 
lloU 


q 07P no 
o.y < rj-uy 


looU 


O aar? no 


i sen 
looU 


i o/ip no 
i.y4rL-uy 


zooU 


imp no 
i.ui-cj-uy 


oftftp; 

ZOOO 


a op;p i n 
o.yorj-lU 


1 1 on 
nyu 


q vop no 

o. / yrj-uy 


104U 


O 77P 00 

z. / / ivuy 


i son 
loyU 


i qi p no 
i.oiivuy 


ZO ( 


o ^(^p i n 
y.ooii<-iu 


oonn 
zyuu 


p. 7/i p i n 


i onn 

1ZUU 


i Q/iTT no 
i.y4Hj-uy 


i p»p»n 

lOOU 


9 7fiP HQ 

Z. / Orj-Uy 


i onn 
iyuu 


i ocp no 


OQon 
zoyu 


o ^7P i n 
y . o < sii- 1 u 


OQI K 

zyio 


« 71 P 1 n 


1Z1U 


D.41Ji(- 1U 


i p^n 
looU 


o ficL 1 no 


i oi n 
iyiu 


i qp;p no 


O/i nc; 
z4Uo 


o 7op i n 


OQQO 

zyoU 


o.oyn/-iu 


i oon 
IzzU 


i nnp no 
l.UUlicUy 


10 < u 


o vnp no 
z. / uii/-uy 


i oon 
lyzU 




O/i on 
z4zU 


o qop i n 
y.ozii(-lU 


OQ/1 K 

zy4o 


/i p;p i n 


1 OQn 

IzoU 


O Q/IP no 

z.y4ii(-uy 


lOoU 


o 7np no 
z. / urj-uy 


i oqo 




O/i qc: 
z4oo 


o 70P i n 
y. * ZI1/-1U 


oo^n 
zyou 


qp;p i n 
o.oorj-lU 


1 O/in 
1Z4U 


/I QftP 00 


loyu 


o vfip no 

z. / oivuy 


1 0/in 

iy4u 


i 70P no 

i. * yii/-uy 


O/I KC\ 
Z4oU 


o c:op in 
y.oyjij-iu 


OQ7P; 

zy / o 


/i /IP 1 n 
0.44ri/-lU 


i op;n 
IzoU 


/i Q7P no 
4.o f Ji/-Uy 


loUU 


o ^CL 1 no 


i op;n 
lyoU 


i 7/i p no 
1. / 4rL-Uy 


O/I 

z400 


o oop i n 
y.zzii/-iu 


ooon 
zyyu 


onp i n 
O.zUlli-lU 


i Of^n 
IzoU 


/i n/ip no 
4.U4Ji(-Uy 


lolU 


o cop no 


i o*^n 

iyou 


i *^op no 
i.oyivuy 


O/i en 
z4oU 


o i i n 
y. 10-Cj-iu 


QnnK 
oUUo 


a i op i n 
0. lzri/-iu 


i 07n 
Iz / U 


/i op;p no 


i son 
lozU 


o 7qp no 
z. / ylL-uy 


1 07n 

iy / u 


i 77P no 


O/i oc; 

z4yo 


O A 7P 1 n 

y.4 * I1/-1U 


Qnon 
oUzU 


^ nQP i n 
O.Uorj-lU 


1 Oftn 

IzoU 


A QftP 00 


i f^Qn 
looU 


o cop no 
z.DzlL-uy 


i osn 

iyou 


i 71 p no 
i. / iiL-uy 


ZOlU 


o c:qp i n 
y.ooii(-iu 


oUoo 


^ i qp i n 
0. lorL-lU 


i oon 
IzyU 


/i o/ip no 
4.z4Ji(-Uy 


104U 


o corr no 


onnn 
zUUU 


i p;i p no 
l.olrj-Uy 


zozo 


o i op i n 
y. izJiz-iu 


Qn^n 
oUoU 


^ op;p i n 
O.ZOH/-1U 


i Qnn 
loUU 


o ncp no 
o.Uo-Cj-Uy 


loou 


o cjott no 

z.oyrj-uy 


oni 
zUlo 


i a op no 
i.4yrL-uy 


oc;/in 
Z04U 


o i op i n 
y. iz_cj-iu 


oUOO 


O/ip i n 
0.z4rj-lU 


lolU 


q op;p no 


looU 


o iiip no 

z.oiivuy 


onQn 
zUoU 


i p;qp no 


ZOOO 


Q QQP 1 n 

o.yoii<-iu 


Qnsn 
oUoU 


nop i n 
O.Uzri/-lU 


i Qon 
lozU 


A A 1 P no 
4.41Ji/-Uy 


10 / U 


o cnTT no 


on/i k 
zU4o 


i cnp no 
l.oUrj-Uy 


o^7n 
zO i u 


o q crp i n 


QnQp; 

ouyo 


« i qp i n 


1 QQn 


Q QQP no 


i (^cn 

lOoU 


o cnTT' no 


on^n 
zUoU 


i /lip no 

i.4iiL-uy 


ZOOO 


o i op i n 
y. iyii/-iu 


qi i n 
ollU 


c oftp 1 n 
o.yoii/-iu 


lo4U 


q ocp no 


i t^on 
loyu 


o k'zt? no 


on7p; 

ZU / 


i /inp no 

i.4uivuy 


o^nn 
zoUU 


o q cp i n 


qi op; 
olzo 


O.oorj-lU 


i Qp;n 
looU 


a oqp no 


i 7nn 
1 / UU 


o ciu 1 no 
z.olrj-uy 


onon 
zuyu 


i /17P no 


0(^1 

zolo 


q c:op in 
o.oyjij-iu 


qi /in 
ol4U 


c 7(sp 1 n 


looU 


q oott 1 no 

o.yyii(-uy 


1 / 1U 


o ootj 1 no 
z.zorj-Uy 


OI PiK 

zlUo 


i QfiTT 1 no 


zooU 


o.ooii<-lU 


oloo 


p: cop 1 n 


1 Q7n 

lo / U 


o 7/i p no 
o. ( 4Hj-uy 


i 7on 
1 1 zu 


9 oop no 
z.zzuj-uy 


oi on 

Z1ZU 


i qqp no 
i.oyiL-uy 


Ofi/l 
Z040 


ft ft/i p in 

o . o4_Cj- 1 U 


QI 70 
Ol / U 


k ccqp 1 n 
O.oorj-lU 


i Qftn 
looU 


Q no 
o. ( (rj-uij 


i 7Qn 
1 / oU 


o oop no 
z.zzrL-uy 


oi qp; 
zloo 


i Q*^p no 


zooU 


ft 70P i n 
o . ^ yiii- 1 u 


qi ftp; 
oloo 


c onp 1 n 
o.oUrj-lU 


1390 




1740 




2150 


1.33E-09 


2675 


8.44E-10 


3200 


5 4QE-10 


1400 


3.30E-09 


1750 


2.29E-09 


2165 


1.36E-09 


2690 


8.55E-10 


3215 


5.30E-10 


1410 


3.50E-09 


1760 


2.23E-09 


2180 


1.24E-09 


2705 


8.35E-10 


3230 


5.24E-10 


1420 


3.50E-09 


1770 


2.18E-09 


2195 


1.26E-09 


2720 


8.19E-10 


3245 


5.02E-10 


1430 


3.59E-09 


1780 


2.22E-09 


2210 


1.19E-09 


2735 


8.16E-10 


3260 


5.03E-10 


1440 


3.48E-09 


1790 




2225 


1.18E-09 


2750 


7.68E-10 


3275 


4.89E-10 


1450 


3.55E-09 


1800 


2.19E-09 


2240 


1.23E-09 


2765 


7.68E-10 


3290 


4.79E-10 


1460 


3.55E-09 


1810 


2.11E-09 


2255 


1.10E-09 


2780 


7.81E-10 


3305 


4.76E-10 


1470 


3.32E-09 


1820 


2.09E-09 


2270 


1.12E-09 


2795 


7.32E-10 


3320 


4.54E-10 


1480 


3.23E-09 


1830 


2.07E-09 


2285 


1.15E-09 


2810 


7.49E-10 


3335 


4.59E-10 


1490 


3.21E-09 


1840 


1.97E-09 


2300 


1.14E-09 


2825 


7.48E-10 


3350 


4.84E-10 
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Table A.5. HD 34816 



Wctvelengt h 


Fin v 

r lux 


Wavelength 


Flnv 

r lux 


Wavelength 


Fin v 

r lux 


Wavelength 


Flnv 

r lux 


Wave length 


Flnv 

r lux 


lloU 


ir 7QT7 1 no 

o. / ynj-uy 


louu 


o oar? no 
Z.oO-Cj-Uy 


loOU 


i fiOTi 1 no 
l.Dorj-Uy 


oqi p; 
zolo 


O 07F 1 n 
y . z * rj- 1 U 


oQ/in 

Zo4U 


c i Qtr i n 
o. loHi-lU 


lloU 


cc /i a Tr 1 nn 


i rin 

lolU 


z.OolVUy 


loOU 


i i 7f}T? no 


zooU 


n i ip in 

y.n_cj-iu 


no c p: 
ZOOO 


a ontr i n 
4.oyrj-lU 


11 / U 


/I OOF HQ 

4.uzHj-uy 


lozu 


o fi/irr no 


1 S70 
lo / U 


i fiOF no 


ZO40 


q 7qf i n 
o. i yji/-iu 


0S70 
Zo / U 


a qi f in 
4.yirL-iu 


lloU 


/i qqf no 


looU 


o oqf no 
z.zyiL-uy 


i sen 
looU 


i c qtt 1 no 
l.oorj-Uy 


zooU 


o q i "p in 
o.oI-Cj-IU 


ZooO 


A ssf in 
4.00-Cj-IU 


1 1 on 
liyu 


/i /i c^tt no 

4.40-Cj-Uy 


104U 


o nQF no 
z.UoiVUy 


i son 

loyu 


i a or? no 
1.4DHj-Uy 


OQ7C; 

Zoto 


o.ooii/-lU 


oonn 
zyuu 


A fi7F i n 
4.0 / 1L-1U 


i onn 
izuu 


A QQF no 


i kkc\ 


i oip 1 no 


i onn 
iyuu 


i c:nF no 


OQon 
zoyu 


q o^f i n 

o.zOHj-IU 


OQ1 K 

zyio 


a p;7F i n 

4.0 ( Jzj-IU 


1Z1U 


o qqf no 


looU 


o i nj? no 
z. i / iL-uy 


i oi n 
iyiu 


i c i t? no 


0/i nc; 

Z4U0 


. 1 O-Cj- 1 U 


ooQn 
zyou 


A /IfiF in 
4.40H/-1U 


i oon 
IzzU 


o QQT7 1 no 
o.oo-Cj-Uy 


i ^7n 

10 f U 


o ofiF no 
z.zorj-Uy 


i oon 
iyzu 




0/i on 
z4zU 


o.l r Hj-1U 


OO/I K 

zy4o 


/I A /IF in 
4.441L-1U 


1 OQn 

IzoU 


/i 71 f no 
4. * lJi/-uy 


i f^cn 
looU 


o oqf no 
z.zo-Cj-uy 


1 0Qn 
iyou 




O/l Qc: 
z4oo 


q n^F i n 
o.Uoii<-lU 


oofin 
zyou 


/I /1 1 F in 
4.411L-1U 


1 O/in 
1Z4U 


/i ^.qf no 

4.Dyii(-uy 


loyu 


o qof no 
z.ozrL-uy 


1 0/in 
iy4u 


i ait? no 
i.4 / iL-uy 


O/l x.c\ 
Z4oU 


7 70F i n 


007P; 
zy / o 


/t op;f i n 

4.ZOHi-lU 


i op;n 
IzoU 


/i £.qf no 

4.oy-cj-uy 


loUU 


o onF no 
z.zUrj-uy 


i op;n 
iyou 


i qott no 


O/l (^c: 
z400 


7 Ql f in 
/ .oI-Cj-IU 


ooon 
zyyu 


/i oof i n 
4.zyri/-iu 


IzoU 


A 7QF no 

4. fO-Cj-Uy 


i fi.1 n 
lolU 


o i nF no 
z. 1U1L-Uy 


i ofin 
iyou 


i oar? no 
l.oorj-Uy 


O/l en 
z4oU 


7 r^F 1 n 


QnnK 
oUUo 


/i o/iF i n 

4.Z4H/-1U 


i 07n 
Iz / U 


/I ^^tr no 


i son 
lozU 


o oqf no 
z.zolL-uy 


1 07n 
iy / u 


i c i t? no 

i.oi-tij-uy 


O/l oc; 

z4yo 


7 QOF i n 
/ .v>yii(-lU 


Qnon 
oUzU 


/i i of i n 
4. iyri/-iu 


IzoU 


A 7QF 00 
4. ( orj-v\3 


i f^Qn 
looU 


o i qf no 
z. lolL-uy 


i osn 
iyou 


i a no 

i.4orj-uy 


ZOlU 


7 fist? i n 


oUoo 


/i oof i n 
4.zzri/-lU 


i oon 
IzyU 


A Q7F 00 
4.0 ( Fj-UV 


104U 


o i qt? no 

z. lyiL-uy 


onnn 
zUUU 


i qott' no 

i.ozHj-uy 


zOZO 


7 sop i n 
/ .Ozii/-lU 


Qn^n 
oUoU 


/i qi F in 
4.olrj-lU 


i Qnn 
loUU 


A 1 of no 

4. iyji(-uy 


loou 


o QfiTi 1 no 
z.oOrj-Uy 


oni k 
zUlo 


1 QQT7 00 

l.oorj-Uy 


oc;/in 
Z04U 


7 07F i n 


oUOO 


/i noF i n 
4.uyH/-lU 


lolU 


/I 77F no 
4. M li/-Uy 


lOOU 


o ooTi 1 no 
z.zzrL-uy 


onQn 
zUoU 


i a at? no 

1.44±L/-Uy 


ZOOO 


7 noF i n 
/ .UyJi/-lU 


Qnsn 
oUoU 


/i noF i n 
4.UZ1L-1U 


i Qon 
lozU 


/I /1QF no 
4.40-Cj-Uy 


10 < u 


O 1 AT? no 

z. i4iL-uy 


zU4o 


i ikt? no 
l.oorj-Uy 


oc;7n 
zo ( U 


7 n7F i n 
/ .U r Hj-1U 


ouyo 


Q si f in 
0.0IH/-IU 


1 QQn 


a i of no 
4. Izrj-Uy 


lOoU 


o Qorr no 
z.ozrL-uy 


on^n 
zUoU 


i O/iTi 1 no 
l.z4lL-uy 


ZOOO 


fi o^F i n 

o.yoJij-iu 


qi i n 
ollU 


Q QOF 1 n 

o.oyrL-iu 


lo4U 


/i O/iF no 
4.z41i/-Uy 


i fion 
loyu 


o i ot; 1 no 
z. lzrL-uy 


on7p; 
zU / 


i 07TT no 

i.z / iL-uy 


o^nn 
zoUU 


fi Q7F i n 


qi op; 
olzo 


Q Q/1F 1 n 
0.O4H/-1U 


i Qp;n 
looU 


/i k.if no 
4.01-cj-uy 


i 7nn 
1 ( UU 


o i ctp no 
z. lorj-uy 


onon 
zuyu 


i O/ITh 1 no 
l.z4rj-uy 


zolo 


fi A QF i n 
0.4oli/-lU 


qi /in 
ol4U 


q A/iF 1 n 
o.04ri/-lU 


loOU 


a oqf no 


i 71 n 
1 f 1U 


o n/iTi 1 no 
z.U4rj-uy 


OI C\K 

zlUo 


i oif no 

i.ziUj-uy 


o^Qn 
zooU 


fi ^717 i n 
0.0 / H/-1U 


QI X.K 


q p;fiF 1 n 


1 Q7n 
lo / U 


/i Q/iF no 
4.o4Hj-uy 


1 70Q 
1 I ZU 


i Qr\T? no 


oi on 
zizu 


i oqf no 
i.zoHj-uy 


0^/1 
Z040 


fi cor i n 
O.OO-Cj-IU 


qi 7n 
oi / u 


q p;qf 1 n 
o.oyrj-iu 


i Qsn 
looU 


/i i 7F no 
4. 1 ( Ji(-Uy 


i 7Qn 
1 / oU 


i ofiTT no 


oi qp; 
zloo 


i oof no 
i.zziL-uy 


o^^n 
zooU 


fi a nxp i n 
0.4zii(-lU 


QI UK 
OloO 


q /ifiF 1 n 

O.40H/-1U 


1390 




1740 


1 Q7K-0Q 


2150 


1.17E-09 


2675 


6.14E-10 


3200 


3.37E-10 


1400 


2.91E-09 


1750 


2.01E-09 


2165 


1.15E-09 


2690 


6.18E-10 


3215 


3.35E-10 


1410 


3.52E-09 


1760 


2.05E-09 


2180 


1.10E-09 


2705 


6.10E-10 


3230 


3.24E-10 


1420 


3.45E-09 


1770 


1.92E-09 


2195 


1.08E-09 


2720 


6.20E-10 


3245 


3.20E-10 


1430 


3.34E-09 


1780 


1.98E-09 


2210 


1.06E-09 


2735 


5.88E-10 


3260 


3.11E-10 


1440 


3.43E-09 


1790 




2225 


1.07E-09 


2750 


5.84E-10 


3275 


2.94E-10 


1450 


3.33E-09 


1800 


1.83E-09 


2240 


1.03E-09 


2765 


5.67E-10 


3290 


2.94E-10 


1460 


3.26E-09 


1810 


1.78E-09 


2255 


1.04E-09 


2780 


5.60E-10 


3305 


2.66E-10 


1470 


3.11E-09 


1820 


1.79E-09 


2270 


9.92E-10 


2795 


5.16E-10 


3320 


2.87E-10 


1480 


3.00E-09 


1830 


1.81E-09 


2285 


1.01E-09 


2810 


5.33E-10 


3335 


2.86E-10 


1490 


3.09E-09 


1840 


1.67E-09 


2300 


9.40E-10 


2825 


5.34E-10 


3350 


3.02E-10 
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Table A.6. HD 214680 



W^avelengt h 


r 1UX 


Wavelength 


TPlnv 

r lux 


Wavelength 


TP In v 

r lux 


Wavelength 


TPlnv 
r 1UX 


W^ave length 


TPlnv 

r lux 


lloU 


o n^TP no 


10UU 


i /inTP no 
l.4UH/-uy 


looU 


Q TTJ? 1 n 


OQ1 

zolo 


a £^tp i n 
4.00-Cj-IU 


oQ/in 

Zo4U 


O QK.TP 1 n 
Z.yOri/-lU 


110U 


o i nTP no 
z. lU-tj-uy 


i cin 

ioiu 


i /iQTP no 
l.4olL-uy 


loOU 


q vt;rr i n 


OQQn 

zooU 


a 7nTP i n 
4. 1 U-Cj-IU 


oocc 
ZOOO 


O QOTP 1 n 

z.yuiii-iu 


I 1 70 

II / U 


i 7^tp no 


i p»on 
iozu 


i /inTP no 
i.4uiij-uy 


1 S70 
lo / U 


q c;nT? i n 
o.DU-Cj-IU 


ZO40 


a qatp i n 

4.O0H/-1U 


os7n 
Zo / u 


sqtp 1 n 

Z.ooHj-IU 


1 1 Qn 
lloU 


i 711? no 
i. ( irj-uy 


lOoU 


i i vrr no 

i.i / iL-uy 


i sen 
looU 


o qotp i n 
o.oynj-iu 


zooU 


/I QOTP i n 

4.oy-cj-iu 


ZOOO 


sqtp 1 n 
Z.oorj-lU 


1 1 on 
nyu 


1 7QTP 00 
1. ( orj-\Jv 


104U 


i nnTP no 
l.UUrj-Uy 


i son 
loyu 


o oat? i n 
o.o4rj-lU 


OQ7^ 


/i QnTP i n 
4.oU-Cj-1U 


oonn 
zyuu 


fiSTP 1 n 
Z.OoHi-lU 


i ono 

1ZUU 


1 P./1TP no 

i.04Hj-uy 


i kkc\ 


q kaj? in 


i onn 
iyuu 


q qot? i n 

O.OO-Cj-IU 


OQQn 
zoyu 


/i i qt? i n 
4. lynj-iu 


OQ1 K 

zyio 


fip;TP 1 n 

Z.OOIj-IU 


1Z1U 


/ .OUliclU 


i c^n 

100U 


i i nTP no 
l. lUrj-Uy 


i oi n 
iyiu 


q qotp i n 

O.OZlL-lU 


0/i nc; 
Z4U0 


/i ootp i n 
4.zyii(-iu 


ooqo 
zyoU 


fi/iTP 1 n 

Z.04H/-1U 


i oon 
IzzU 


7 A at? in 

/ .4411/- 1U 


i ^7n 
lo < U 


i i qtp no 

i. lo-tij-uy 


i oon 
iyzu 


7 OOTP i n 

/.yyiviu 


0/i on 

Z4ZU 


/I QOTP i n 
4.oZJi(-lU 


OO/I K 

zy4o 


K./1TP in 

Z.041L-1U 


1 OQn 

IzoU 


i 7^tt no 
i. / oJi/-uy 


lOoU 


i i 7TP no 

i.i/ iL-uy 


i oqo 
iyou 




O/l qc; 
z4oo 


/i qk.tp i n 
4.o0Ii/-lu 


oo^n 
zyou 


K.nTP 1 n 
Z.oUiL-lU 


1 O/in 
1Z4U 


1 qi tp no 

i.oi-cj-uy 


ioyu 


i i fiT? no 
i. iD-tij-uy 


1 0/in 
iy4u 


7 Q7TP 1 n 
l .oi Hj-IU 


O/l KC\ 
Z4oU 


/i ot^TP in 
4.ZO11/-IU 


007P; 
zy / 


O A qtp 1 n 
Z.4oH/-lU 


i o^.n 
IzoU 


i o^tt no 
i.yoii<-uy 


10UU 


i noTP no 
i.uyrj-uy 


i op;n 
iyou 


7 ART? i n 


O/l 

Z400 


/i o^tp i n 
4.Z0.CJ-1U 


ooon 
zyyu 


O A 1 TP in 
Z.41J1/-1U 


i Of^n 
IzOU 


i qqtp no 
i.yo-cj-uy 


i £i n 
101U 


o 7^.tp i n 

y. / oiviu 


i o*^n 
iyou 


7 0(^T? i n 
( .ZDrj-lU 


O/l en 
z4oU 


/i 1 nTP 1 n 

4. IU11/-IU 


QnnK 
0UU0 


O /I QTP 1 n 
Z.4oH/-lU 


i 07n 
Iz / U 


o ootp no 
z.uyii(-uy 


i son 
lOzU 


i oqtp no 
l.Uorj-Uy 


1 07n 

iy / u 


7 e;otp i n 
/.oyri/-lU 


O/l oc; 

z4yo 


A O/ITP 1 n 
4.Z4J1/-1U 


Qnon 
oUzU 


O QQTP 1 n 
Z.oorj-lU 


IzoU 


o oqtp no 
z.Uo-Cj-uy 


i f^Qn 
lOoU 


o mqtp i n 
y.Oorj-lU 


i osn 
iyou 


7 A KT? 1 O 

/ .4orj-lU 


o^i n 

ZOlU 


a ncTP i n 
4.U0-CJ-IU 


0U00 


O Q7TP 1 n 
z.o / 1L-1U 


i oon 
IZyU 


o O/iTT no 
Z.U4ii(-uy 


104U 


i n/iTT no 
l.U4rj-uy 


onnn 
zUUU 


p. 07TP i n 

o.y / 1L-1U 


zozo 


a n^TP 1 n 
4.U0.CJ-1U 


0U0U 


O QQTP 1 n 
Z.00H/-1U 


i Qnn 
loUU 


i ootp no 
i.yziicuy 


ioou 


i i k.tp no 

i. iD-tij-uy 


oni 
zUlo 




o^/in 

Z04U 


A 1 OTP i n 

4. iyii/-iu 


0UO0 


O OQTP 1 n 
Z.Z0H/-1U 


lolU 


i oqtt 1 no 


100U 


i c\at? no 

i.u4Hj-uy 


onQn 
zUoU 


O. /yiL-lU 


ZOOO 


/i 1 mr 1 1 n 
4.1Uli<-lU 


Qnon 
0U0U 


OTT? 1 n 
z.z ( H/-1U 


i Qon 
lozU 


i ootp no 

i.yu-cj-uy 


10 /U 


i nQTP no 
i.uorj-uy 


zU4o 


a ont? i n 
O.yUrj-lU 


o^7n 
zo ( U 


q 1 tp in 
o.yiii(-iu 


ouyo 


O/ITP 1 n 
Z.Z4TL-1U 


1 QQn 


1 ootp no 
l.yziicUy 


i ^Qn 
lOoU 


i i kt? no 


on^n 
zUoU 


a qqtt i n 


ZOOO 


Q/IT? in 
o.o4i1j-1U 


qi 1 n 
ollU 


ootp 1 n 

Z.ZZH/-1U 


lo4U 


1 QQTP 00 


i f^on 

loyu 


i noTP no 
i.uyiL-uy 


on7p; 

ZU / 


c ocrp i n 
o.oorj-lU 


o^nn 
zoUU 


q ootp in 
o.ozji/-iu 


qi op; 
olzo 


1 ^tp 1 n 
Z. 10H/-1U 


i Qc.n 
looU 


1 q^tp no 


i 7nn 
1 / UU 


i oqtp no 
l.Uorj-Uy 


onon 
zuyu 


nQt? i n 
O.Uorj-lU 


0(^1 

zolo 


70 TP 1 n 

0. ( ZJiz-iu 


qi /in 
ol4U 


1 /iTP in 

Z. 14H/-1U 


i Q^n 
loOU 


1 q^tp no 


1 71 n 
1 ( 1U 


i c\at? no 
l.U4rj-Uy 


OI f\K 

zlUo 


O.oDrj-lU 


o^Qn 
zOoU 


o.00Hj-1U 


QI 

OlOO 


noTP 1 n 
z.uyH/-iu 


1 Q70 

lo / u 


i qotp no 
i.yU-Cj-uy 


i 7on 
1 1 zu 


o /inTP i n 
y.4uiij-iu 


oi on 

Z1ZU 


c cop i n 

O.Dorj-lU 


0^/1 

Z040 


q fi/i tp in 

. 04Hj- 1 U 


QI 70 
Ol / U 


ni tp in 

Z.UI-Cj-IU 


i QQn 
looU 


1 Q7TP 00 


i 7Qn 
l / oU 


O 7fiTP i n 

y. / D-cj-iu 


oi qp; 
zloo 


c ci TT in 
o.olrj-lU 


zOOU 


t?oTP 1 n 

O.OZjZj-IU 


QI UK 
OloO 


1 qk.tp in 
i.yorj-iu 


1390 


1.71E-09 


1740 


1 03E-0Q 


2150 


5 SQE-10 


2675 


3.47E-10 


3200 


1.94E-10 


1400 


1.55E-09 


1750 


1.02E-09 


2165 


5.42E-10 


2690 


3.44E-10 


3215 


1.98E-10 


1410 


1.65E-09 


1760 


1.02E-09 


2180 


5.27E-10 


2705 


3.51E-10 


3230 


1.90E-10 


1420 


1.65E-09 


1770 


9.82E-10 


2195 


5.03E-10 


2720 


3.45E-10 


3245 


1.85E-10 


1430 


1.55E-09 


1780 


9.94E-10 


2210 


4.90E-10 


2735 


3.22E-10 


3260 


1.78E-10 


1440 


1.61E-09 


1790 


9.62E-10 


2225 


5.06E-10 


2750 


3.36E-10 


3275 


1.70E-10 


1450 


1.53E-09 


1800 


9.36E-10 


2240 


4.98E-10 


2765 


3.21E-10 


3290 


1.64E-10 


1460 


1.49E-09 


1810 


8.99E-10 


2255 


4.75E-10 


2780 


3.22E-10 


3305 


1.70E-10 


1470 


1.55E-09 


1820 


9.23E-10 


2270 


4.87E-10 


2795 


2.93E-10 


3320 


1.57E-10 


1480 


1.49E-09 


1830 


9.54E-10 


2285 


4.73E-10 


2810 


3.07E-10 


3335 


1.51E-10 


1490 


1.50E-09 


1840 


9.16E-10 


2300 


4.43E-10 


2825 


3.07E-10 


3350 


1.50E-10 



R. Gonzalez- Riestra et al.: The IUE Flux scale 
Table B.l. Absolute Fluxes of the White Dwarf G191-B2B 
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